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@ Uver parenchymal cells having clonal growth ability, method for obtaining same, method for 
culturing same, and culturing system of primary hepatocytes. 



@ The present invention provides liver parenchymal cells having a clonal growth ability, which 
possesses at least one of the cell biological properties such as: presence of peroxysome; being 
positive to hepatocyte-markers ; being partially positive to neoplastic hep^tocyte-markers or immature 
hepatocytB-markers ; being positive to antibodies against the surface antigens of ovall cells ; and being 
partially positive to bile duct cell-markers. The present invention also provides a method for obtaining 
such cells and a method for subculturing such cells. 

With the liver parenchymal cells above, it will be possible to research in detail the process of 
development and differentiation, the mechanisms of growth and functional expression of hepatic cells, 
and to open up a new way to clarification of mechanisms of hepatoma and various other diseases and to 
development of therapeutic method against these disseases. 
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FIELD OF THE INVENTION 

The present invention relates to liver parenchyma] cells having a clonal growth ability, a method for ob- 
taining such cells, a method for subculturing such cells, and a subculturing system of primary hepatocytes. 
5 More particularly, the present invention relates to progenitor cells culturing system of liver parenchymal cells 
which are useful as a material for cell biological and molecular biological research on development, differen- 
tiation and proliferation process of hepatocytes or on the carcinogenic mechanism thereof, or as medical ma- 
terials for developing therapeutic techniques of various hepatic diseases. 

w PRIOR ART 

An animal is a multicellular organism formed through repeated division of a fertilized egg and differentiation 
thereof into various structures (cell aggregates) taking charge of different functions. The individual structures 
composing a body of organism maintain the individual by producing cells having active differentiation ability 

15 through constant division and growth of individual cells. Therefore, in order to understand the biological facts 
of humans and other animals or to develop a therapeutic technique through clarification of the carcinogenic 
mechanism, it is believed important to analyze in detail cells composing individual structures to clarify the de- 
veloping and differentiating process and the mechanism of proliferation. 

A method has conventionally been established, as a means to analyze in detail cells of structures in vivo, 

20 to culture cells taken out in vitro, and causing division and growth of cultured cells to ensure survival through 
subcultures. While various methods of subculturing primary hepatocytes have been studied, the only actual 
case of subculture of primary hepatocytes so far reported is one for calf, and no case has yet been achieved 
as to rat and mouse. A reason is that, because hepatocytes are cultured in a serum-free medium added with 
various growth factors on a collagen-coated dish effective for adhesion and growth of hepatocytes, ft is difficult 

25 to detach the cultured cells from the dish with a little damage, and hepatocytes treated with an enzyme such 
as trypsin have very serious damage. While hepatocytes cultured with a dish not coated with collagen coat 
and a serum-free medium can be detached with a slight damage, those cultured cells cannot continue to live 
or grow for a long period of time, although it may be possible to adhere them again onto the dish. 

More recently, on the other hand, it has been reported that small hepatocytes growing while forming a coJ- 

30 ony appear in a culture system comprising a medium added with nicotinamide and epidermal growth factor 
(EGF). These small hepatocytes are confirmed to express functions of matured hepatocytes such as albumin, 
to be divided 2 to 3 times during the first four days, and to be partially present on the 20th day of culture in 
the form of cells having a growth ability. Since the colony forming frequency in such a culture system is high 
for hepatocytes isolated from an young rat and decreases according as the age in weeks increases, these sub- 

35 cultured hepatocytes are considered to be "committed progenitor cells". 

In this case also, however, subculturing of cells is not satisfactory, leaving problems to be solved regarding 
prevention of damage. It is therefore the current situation the subculturing of hepatocytes has not as yet been 
established. 

Furthermore, in order to understand complicated and diverse functions of hepatocytes or clarify carcino- 

40 genie mechanism thereof, it is considered essential to identify pure precursor hepatocytes (progenitor cells) 
for which orientation of differentiation has not yet been specified, but presence thereof has not yet been con- 
firmed or a preferential culturing method has not been established. 

For these progenitor cells, the following facts are conventionally known and the following efforts to identify 
them are reported. More specifically, it is reported that stem cells are developed from the foregut endoderm 

45 in the course of liver development and these stem cells differentiate into hepatocytes and bile duct epidermal 
cells (Shiojiri, et al.: Cancer Research, Vol. 51, pp. 2611-2620, 1991). While there is no case of confirmation 
of stem cells in liver of an adult (such as rat), ovall cells emerging in a precancerous state in the course toward 
cancer of rat can lead to either hepatocellular carcinoma or cholangiocarcinoma. This oval I cell is therefore 
attributable to an aberrant differentiation of stem cells present in the liver of the adult rat Hixon, et al.(Path- 

50 obiology, Vol 58, pp. 65-77, 1 990) prepared several antibodies against surface antigens of ovall cells obtained 
from experimental hepatocarcinogenesis. Brill, etal.(Proc Soc. Exp. Bio. MEd., Vol. 204, pp. 261-269, 1993) 
selected cells conbined with these antibodies from among hepatocytes of an adult rat by means of a sorter to 
investigate properties of these cells. As a result, it was suggested that these cells contained hepatic progenitor 
cells among those conbined with antibodies against surface antigens of ovall cells, since cells growing and 

55 differentiating into matured hepatic cells by culturing in a medium added with additive factors, or culturing on 
a feeder layer of mesenchyme cells of a fetus. 

Presence of hepatic progenitor cells is estimated by several pieces of evidence, but has not as yet been 
confirmed. 
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SUMMARY OF THE INVENTION 

The present invention has an object to provide liver parenchymal cells having a clonal growth ability con- 
sidered to contain(hepatic progenitorcells* Another object of the present invention is to provide a method for 
5 obtaining such cells and'a method for subculturing such cells. 

Further another object of the present invention is to provide subculturing systems which permit subcultur- 
ing of primary hepatocytes while growing and surviving for a long period of time. 

The present invention provides liver parenchymal cells having a clonal growth ability, which possesses at 
least one of the cell biological properties such as: 
10 (1) presence of peroxyzome; 

(2}'being positive to hepatocyte-markers; 

(3) J>eing partially positive to neoplastic hepatocyte- markers or immature hepatocyte-markers; 

(4) /being positive to antibodies against the surface antigens of ovall eels; and 
{5)being partially positive to bile duct cell-markers. 

15 The present invention provides also_a method for.obtaining liver parench ymal cells having a clonal growth 
ability, which comprises: isolating;he patic cells from liv er of adult mamrnalia^centrifuging the hepatic cells 
with low speed into'heavwand iighTfr^tk)ris;'and'ctj]tijnng small cells in the light fraction on culture medium 
necessary containing fefal bovine"serum and ascorbic acid whereby l iver parenchymal cells belonging to the 
small cells from a colony. I 

20 In addition, the present invention provides a method for subculturing liver parenchymal cells having a clonal 
growth ability, which comprises: isolating hepatic cells from liver of adult mammalian; centrif uging the hepatic 
cells with low speed into heavy and light fractions; cult uring small cells in the light fraction on a dish with culture 
medium necessary containing fetal bovine serum and ascorbic acid whereby liver parenchymal cells belonging 
to the small cells form a colony; detaching the cells of colony from the dish with a solution of EDTA; and re- 

25 culturing the detached cells on the same medium. 

Moreover, the present invention provides a subculturing system for primary hepatocytes detached from a 
dish with a solution of EDTA, of which medium contains nicotinamide and ascorbic acid. 

In accordance with the present invention, there are provided liver parenchymal ceils having a clonal growth 
ability considered to contain hepatic progenitor cells, a method for obtaining such cells and a method for sub- 

30 culturing such cells. It is accordingly possible to research in detail the process of development and differen- 
tiation of hepatic cells and the mechanisms of growth and expression of functions, and to open up a new way 
to clarification of mechanisms of hepatoma and various other human hepatic diseases and development of 
therapeutic methods against these diseases. 

The present invention permits subculturing of primary hepatocytes. 

35 Embodiments will now be described by way of example only with reference to the accompanying drawings 
in which: 

Figs. 1 (a), (b), (c) and (d) are phase contrast micrographs (29.4 magnification) illustrating examples of 
culture of first subculture on the second, the fifth, the eighth and the 44th days; 
Fig. 2 illustrates increase number of hepatocytes; 

40 Figs. 3 (a), (b) and (c) are micrographs (100, 606 and 606 magnification, respectively) of immunocytochenv 

istry (on the 30th, the 46th and the 50th days of first subculture, respectively) illustrating Incorporation of 
BrdU into hepatocytes, a stain of transferrin and stains of a-antitrypsin and albumin; 
Figs. 4 (a) and (b) are phase contrast photomicrographs (29.4 magnification) of second subculture hep- 
atocyte-clusters on the fourth and the 42nd days; and (c) and (d) are photomicrographs (606 magnif ication) 

45 of immunocytochemical figures illustrating stains of albumin and transferrin, respectively, on the 52nd day; 
Figs. 5 (a) and (b) are photomicrographs (200 and 242 magnification) of desmin immunocytochemical fig- 
ure illustrating the state of no n- parenchymal hepatic cells of the first subculture on the 30th day, and es- 
terase enzyme-cytochemical figure on the 38th day; 

Fig. 6 is a phase contrast photomicrograph (76 magnification) of a first subculture on the 32nd day illus- 
so trating the hepatic cord-like structure of hepatocytes; 

Figs. 7 (a) and (b) are a phase contrast photomicrograph (29.4 magnification) illustrating the state on the 
15th and 22nd days of first subculture as a control, and a photomicrograph (30 magnification) of a trans- 
ferrin immunostaining figure, respectively; 

Fig. 8 is a photomicrograph illustrating the effects on hepatocytes and non-parenchymal hepatic cells 
55 when removing EGF corresponding to Fig. 7; 

Fig. 9 is a photomicrograph of a case similar to that shown in Fig. 7, En which nicotinamide is removed; 
Fig. 1 0 is a photomicrograph of a case similar to that shown in Fig. 7, in which L-ascorbic acid 2-phosphate 
is removed; 
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Fig. 11 is a photomicrograph of a case similar to that shown in Fig. 7, in which DMSO is removed; 
Fig. 12 illustrates changes with time in the area of hepatocyte clusters after subculture in cases where 
EGF, nicotinamide, L- ascorbic acid 2-phosphate and DMSO are removed, respectively; 
Fig. 13 illustrates the area occupied by anti-transferrin positive cells on the 22nd day of subculture when 
5 removing EGF, nicotinamide, L-ascorbic acid 2-phosphate and DMSO, respectively; 

Fig. 14 is a phase contrast photomicrograph (147 magnifications) illustrating the state on the third day of 
culture of cells sampled from a rat having an age of eight weeks; 

Fig. 15 is a phase contrast photomicrograph illustrating the state of the same cell as that shown in Fig. 14 
on the fifth day of culture within the same field of view; 
10 Fig. 16 is a phase contrast photomicrograph illustrating the state of the same cell as that shown in Fig. 14 
on the 15th day of culture within the same field of view; 

Fig. 17 illustrates the relationship between the age in weeks of the rat from which cells are sampled and 
the number of hepatocyte colonies per cm 2 on the tenth day of culture; 

Fig. 18 illustrates the relationship between days in culture and the area of hepatocyte colonies for each 

15 age in week of the rats; 

Fig. 19 is a photomicrograph (75.8 magnifications) illustrating an HE staining figure of hepatocyte colonies 
on the 10th day of culture of cells sampled from a rat having an age of eight weeks; 
Fig. 20 is a photomicrograph (75.8 magnifications) illustrating HE staining figure of hepatocyte colonies 
on the 20th day of culture of cells sampled from the same rat as in Fig. 19; 

20 Fig. 21 is a photomicrograph (200 magnifications) illustrating a BD1 staining figure of a hepatocyte colony 

on 30th day of culture of ceils sampled from a rat having an age of seven weeks; 
Fig. 22 is a photomicrograph (152 magnifications) illustrating a cytochalas in 7 staining figure of a hepa- 
tocyte colony on the 25th day of culture of cells sampled from a rat having an age of eight weeks; 
Fig. 23 is a photomicrograph (606 magnifications) illustrating an albumin staining figure of a hepatocyte 

25 colony on the 25th day of culture of cells sampled from a rat having an age of eight weeks; 

Fig. 24 is a photomicrograph (242 magnifications) illustrating an (^-antitrypsin staining figure of a hepa- 
tocyte colony on the 25th day of culture of cells sampled from a rat having an age of eight weeks; 
Fig. 25 is a photomicrograph (606 magnifications) illustrating a transferrin BrdU double staining figure of 
a hepatocyte colony on the 30th day of culture of ceils sampled from a rat having an age of seven weeks; 

30 Fig. 26 is a photomicrograph (152 magnifications) illustrating an a-fetoprotein staining figure of a hepa- 
tocyte colony on the 30th day of culture of cells sampled from a rat having an age of seven weeks; 
Fig. 27 is a photomicrograph (152 magnifications) illustrating a GST-P staining figure of a hepatocyte col- 
ony on the 30th day of culture of cells sampled from a rat having an age of seven weeks; 
Fig. 28 is a photomicrograph (1 52 magnifications) illustrating a y-GTP staining figure of a hepatocyte col- 
as ony on the 30th day of culture of cells sampled from a rat having an age of seven weeks; 

Fig. 29 is a photomicrograph (1 52 magnifications) illustrating an OC2 staining figure of a hepatocyte colony 
on the 22nd day of culture of cells sampled from a rat having an age often weeks; 
Fig. 30 is a photomicrograph (1 52 magnifications) illustrating an OC3 staining figure of a hepatocyte colony 
on the 22nd day of culture of cells sampled from a rat having an age often weeks; 

40 Fig. 31 is a photomicrograph (242 magnifications) illustrating a desmin staining figure of a hepatocyte col- 

ony on the 25th day of culture of cells sampled from a rat having an age of eight weeks; 
Fig. 32 is a photomicrograph (29.4 magnifications) illustrating a phase contrast figure of hepatocyte col- 
onies on the 31st day of culture of cells sampled from a rat having an age of eight weeks, as cultured in 
a system (control) added with all the additive factors into the medium; 

45 Fig. 33 is a phase contrast photomicrograph illustrating the effect on hepatocytes and non-parenchymal 
cells when removing EGF corresponding to Fig. 32; 

Fig. 34 is a phase contrast photomicrograph illustrating the effect on hepatocytes and non-parenchymal 
cells when removing nicotinamide corresponding to Fig. 32; 

Fig. 35 is a phase contrast photomicrograph illustrating the effect on hepatocytes and non-parenchymal 
so cells when removing L-ascorbic acid phosphate corresponding to Fig. 32; 

Fig. 36 is a phase contrast photomicrograph illustrating the effect on hepatocytes and non-parenchymal 
cells when removing DMSO corresponding to Fig. 32; 

Fig. 37 is a phase contrast photomicrograph illustrating the effect on hepatocytes and non-parenchymal 
cells when removing FBS corresponding to Fig. 32; 
55 Fig. 38 is a transmission electron microscopic photomicrograph (a: 4,250 magnifications; b: 21 ,300 mag- 
nifications) of a hepatocyte colony on the tenth day of culture of cells sampled from a rat having an age 
of eight weeks. 
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DETAILED DESCRIPTION OF THE INVENTION 

First, the subculturing system of the present invention is described below in detail. 

More particularly, in the subculturing system of the present invention, it is possible to cause growth of hep- 

5 atocytes after subculture and to maintain functions of hepatocytes for a long period of time, by adding nicoti- 
namide and ascorbic acid into the medium of primary cells. 

Conventional and other media and additives may be appropriately used. More specifically, an example is 
a medium system prepared by adding nicotinamide and ascorbic acid to a DMEM medium, and further adding 
fetal bovine serum (FBS) and epidermal growth factor (EGF). 

10 It is needless to mention that applicable nicotinamides and ascorbic acids include, in addition to conven- 
tional ones, nicotinamide alkyls, cycloalkyls and ones having substituents, and phosphoric ester, phosphorous 
ester, sulfonic ester of ascorbic acid, alkyls thereof, and analogs having substituents. 

Then, the method for obtaining liver parenchymal cells having a clonal growth ability of the present inven- 
tion is described below in detail. 

15 While it is the usual practice for sampl ing hepatocytes to obtain a heavy fraction by centrif uging at a low 
speed (50 G), the method of the present invention comprises separating a light fraction resulting from centri- 
f uging at the low speed, and culturing cells contained in this light fraction. FBS and an ascorbic acid (for ex- 
ample, L-as corbie acid phosphate) are added to a culture medium. As is clear from test results in the Examples 
described later, these constituents cause formation of colonies of small hepatocytes in the light fraction (non- 
20 parenchymal cell fraction). EGF and dimethyl sulfoxide (DMSO), not being essential for the formation of col- 
onies, have a function of accelerating formation of colonies, and nicotinamides are considered to inhibit dif- 
ferentiation of hepatic cells, and are therefore preferable as constituents to be added to the culture medium. 
In addition to small hepatocytes, the non-parenchymal cell fraction contains endothelial cells, Kupffer cells, 
stellate cells and bile duct cells, which are considered to provide a special environment for small hepato8cytes. 

25 The above-mentioned nicotinamides, ascorbic acids and DMSO inhibit growth of non-parenchymal cells, and 
permit selectively causing culturing and growth of small parenchymal cells. 

The amounts of additives to the medium may be as follows: 5 to 30% FBS, 0.1 to 1.0 mM ascorbic acid, 
1 to 100 ng/ml EGF, 1 to 20 mM nicotinamide, and about 0.1 to 2% DMSO. 

Culture is accomplished at a temperature of about 37°C under conditions including 5% CO2. 

30 The liver parenchymal cells thus obtained can be subcultured by detaching cells of colony from the culture 
dish with a solution of EDTA (0.002-0.2% EDTA) or a solution of EDTA and trypsin (0.002-0.2% EDTA and 
0.005-0.5 trypsin), and then re-cult u ring the detached cells in the same medium as that for primary culture. 
Alternatively, it is possible and preferable to use the conditioned medium of the primary culture itself as the 
medium for subculturing. Especially, use of the conditioned medium is adequate in the case where the cells 

35 of colony being detached from the dish with the solution of EDTA/tripsin and being separating into individual 
cells by means of, for example, a filtration. By using these procudures, the liver parenchymal cells of the present 
invention can be subcultured for a long period with a state of possessing an active growth ability and properties 
of hepatic cells. 

Through the culture as described above, colonies of small hepatocytes clonally growing are available. Ex- 
40 pression of differentiating function of cells forming the colonies as hepatic cells can be confirmed by conduct- 
ing screening by the use of at least one of such indicators as the presence of peroxyzome, being positive to 
hepatocyte-markers, to neoplastic hepatocute-markers, to immature hepatocyte-markers, to antibodies 
against the surface antigens of ovall cells, and to bile duct cell-markers. Among others, the presence of per- 
oxisome can be confirmed by observation with a transmission electron microscope. Applicable hepatocyte- 
45 markers include such antibodies as albumin, ^-antitrypsin and transferrin; applicable markers of neoplastic 
hepatocyte or immature hepatocyte include such antibodies as GST-P and a-fetoprotein and y-GTP stain; ap- 
plicable antibodies against surface antigen of ovall cells include the antibody (OC2, OC3) prepared by Hixson 
et al. mentioned above; and applicable markers of bile duct cells include such antibodies as BD1 (prepared 
by Hixson et al.) and cytokeratin 7. By using a marker for stellate cells, it is possible to identify non-parenchymal 
so cells. 

As described above, the methods of the present inventbn are applicable to hepatocytes of hurnanand air 
other marnmaliaris, thus permitting obtaining liver parenchymal cells having a clonal growth ability from various 
animal speciesT For example, liver parenchymal cells having a clonal growth ability sampled from a human 
liver can be utilized for preparation of a hybrid type-artificial liver, and is expected to bring about new aspects 
55 of development of therapeutic techniques of hepatic diseases. 
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EXAMPLES 

Now, the present invention is described in further detail by means of examples, and at the same time, prop- 
erties of the subculture hepatocytes having a clonal growth ability thus obtained are described in detail with 
5 reference to test results. It is needless to mention that the present invention is not limited to the examples pre- 
sented below. 

EXAMPLE 1 

10 Primary hepatocytes were subcultured by using the subculturing system of the present invention. 

TABLE 1 illustrates an example of configuration of the subculturing system of the present invention. 
In accordance with TABLE 1 , hepatic cells were isolated by the collagenase perfusion method from F344 
male rats having ages ranging from four to eight weeks. The hepatic cells were cultured with a concentration 
of 6.7 x 10 4 cells/cm 2 on a DMEM medium added with 10% FBS, 10 ng/ml EGF, 10 mM nicotinamide, and 0.2 

is mM L-ascorbic acid phosphate, and 1 % DMSO was added from the fourth day of culture. To detach the hep- 
atocytes from the dish, 0.02% EDTA was used. BrdU was incorporated as an indicator of growth of the hepa- 
tocytes. The area of the hepatocyte region was measured by taking photographs periodically of the same field 
under a phase contrast microscope. Identification of functional expression and non-parenchymal cells was ac- 
complished by using an immunocytochemical technique or an enzyme-cytechemical technique. 

20 
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TABLE 1 

5 ' " " ' 

F344 Rat J 4-8 seeks old 

Isolation of Hepatic Cells (Collagenase Perfusion) 

w 4 

Porco II Centr if ligation 
Hepatocytes 

6x10* cells / 3.5cn dish (without collagen coat) 
37 TC, MS CO*, 05X Air 

HE* 44ttM NaHCOi, 20nM HEPES, 0.5«fl/I Insulin 
20 10 ~ T i Dexaaethaaone, 30ng/l L-prolin 

penicillin and streptitycin 
* 2—3 hours 
Kediua Change 

25 Dd 10* FBS r 44bI NaHCO,. 20mi HEPES 

0. 5mg/l Insulin. 10 " 7 > Dexavethasone 
lOruB Nicotinanide, lOng/wl EGF 
0. 2mM L-ascorbic acid phosphate 
penicillin and streptaycin 
& 4 days 
Pre-conf luent 
35 Subculture with 0.0231 EDTA 

1X DMSO 
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40 

The same operations were carried out through systems added with additive factors such as FCS, nicoti- 
namide, EGF, L-ascorbic acid-phosphate except for one, to investigate the effects of the individual additives 
on the hepatocytes and the non- parenchymal cells. 

As a result of the above, a treatment with 0.02% EDTA caused the hepatocytes to detache them in the 
45 form of dusters, and as shown in Fig. 1 (first subculture x 29.4), the clusters adhered to the dish within one 
or more days of subculture (Fig. 1(a): the second day of subculture), grew from the third day or so of subculture 
(Fig. 1 (b): the fifth day of subculture), and part of cells died and peeled off on seventh day or so of subculture 
(Fig. 1 (c): the eighth day of subculture). 

About the eighth day or so of subculture and thereafter, the surviving hepatocytes grew (Fig. 1 (d): the 
50 44th day of subculture), and in the case of most proliferative clusters, the number of hepatocytes increased 
5-fold on the 41th day of subculture (Fig. 2). 

Growth of the hepatocytes after subculture was confirmed from the increase in number of the hepatocyte 
clusters, incorporation of BrdU, and mitotic figure. Incorporation of BrdU was observed in many hepatocytes 
on the 30th day of subculture (Fig. 3 (a)). Figs. 3 (a), (b) and (c) show the 30th, the 45th and the 50th days of 
55 the first generation of subculture, respectively. 

In Fig. 3(a), double staining (x 100) was applied with BrdU (brown)-transferrin (red); Fig. 3(b) is based on 
stain (x 606) with ^-antitrypsin (brown); and in Fig. 3(c), staining (x 606) was applied with albumin (brown). 
In the hepatocytes continuing to grow after subculture, expression of albumin, ^-antitrypsin, and transferrin 
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was observed. 

The state of the second-generation hepatocyte clusters in subculture is illustrated in Figs. 4 (a), (b), (c) 
and (d). Fig. 4(a) shows a phase contrast figure (x 30) on the fourth day of subculture, and Fig. 4(b) shows 
that on the 42nd day of subculture, both within the same field of view. Fig. 4(c) shows albumin (brown) staining 
5 (x 606) on the 52nd day of subculture, and Fig. 4(d) shows transferrin (brown) staining (x 606) on the 52nd 
day of subculture. Detaching the hepatocytes on the 35th day of subculture with 0.02% EDTA permitted ob- 
servation of growth of the hepatocytes adhering again to the dish. The second-generation hepatocyte clusters 
in subculture were positive to albumin and transferrin. 

As shown, for example, in Fig. 5(a) illustrating the confirmation of posrtMty in desmin (brown) staining (x 
10 200) on the 30th day of subculture, and in Fig. 5(b) illustrating the confirmation of negativity (although the hep- 
atic cells are partially positive) in esterase (brown) staining (x 242) on the 38th day of subculture, non-paren- 
chymal cells began growing around the hepatocyte clusters on the fourth day of subculture, and on the 30th 
day, the hepatocyte clusters were almost completely surrounded. These non-parenchymal cells, being highly 
positive to desmin, were considered to be stellate cells. These were not considered to be Kupffer cells because 
15 esterase activity was negative. 

As is clear from Fig. 6 (x 76) showing the hepatic cord-like structure of the hepatocytes as a phase-contrast 
figure on 32nd day of subculture (first generation of subculture), a maltilayered structure of the hepatocytes 
was observed after the subculture, and a sequence suggesting a hepatic cord-like structure was partially ob- 
served. 

20 Fig. 7 (control), Fig. 8 (without EGF), Fig. 9 (without nicotinamide), Fig. 10 (without L-ascorbic acid- 

phosphate) and Fig. 11 (without DMSO) illustrate the effects of these additive factors on hepatocytes and liver 
parenchymal cells, in the form of phase-contrast figures (x 29.4) on the 15th day of subculture and transferrin- 
stained figures (red) (x30) on the 22nd day of subculture. 

Fig. 12 shows the effects of these additive factors as changes with time in the area of hepatocyte clusters, 

25 with that on the first day of subculture as 1 00%. 

Similarly, Fig. 13 demonstrates the effects of the individual additive factors by means of the area of anti- 
transferrin positive cells on the 22nd day of subculture, with that for the control as 100%. 

As is evident from these drawings, inhibition of growth of hepatocytes after subculture was observed in 
all the systems removing any of EGF, nicotinamide, and L-ascorbic acid-2- phosphate. In the system removing 

30 EGF, inhibition of growth of non-parenchymal cells was observed, whereas acceleration of growth of non-par- 
enchymal cells was observed in the system not containing nicotinamide. In the system removing DMSO, growth 
of non-parenchymal cells was earliest the hepatocyte clusters began to peel off from the dish on the 22nd 
days. In all the systems, the hepatocytes were transferrin-positrve. In the system not containing FBS, remark- 
able inhibition of growth of hepatocytes and non-parenchymal cells was observed. 

35 As is clear from these results, the hepatocytes detached in the state of clusters and could adhere to the 
dish and grow in a system formed by adding FBS, EGF, nicotinamide, L-ascorbic acid-phosphate and DMEM 
to DMEM and treating these cells with 0.02% EDTA in a confluent state. 

Because the dish was not coated with collagen, the hepatocytes could be detached with 0.02% EDTA. By 
treating with 0.02% EDTA and 0.25% trypsin, the hepatocytes detached in the form of single cells, adhering 

40 to the dish, and incorporation of many BrdU was observed. On the seventh day, some hepatocytes died, and 
thereafter, the status of growth and maintenance of the remaining hepatocytes was poorer than with 0.02% 
EDTA. 

EGF, which had functions of accelerating growth of the hepatocytes and non-parenchymal cells and caus- 
ing the hepatocytes after subculture to survive, and nicotinamide, which had a function of accelerating growth 
45 of "committed progenitor cells," were both essential for the subject system. 

L-ascorbic acid-phosphate, which had functions of accelerating growth of the hepatocytes and causing 
the hepatocytes after subculture to survive, was essential in the system, various effects of L-ascorbic acid- 
2-phosphate on hepatocytes and fibroblasts have been reported, and it is considered to have contributed in 
the system of the present invention to interaction between non-parenchymal and hepatocytes and three- 
50 dimensional structure. 

DMSO has a function of inhibiting growth of non-parenchymal cells. 

In the system of the present invention, "committed progenitor cells" could selectively be cultured by sub- 
culturing hepatocytes under conditions permitting growth of hepatic " committed progenitor cells." 

55 EXAMPLE 2 

Hepatic cells having a clonal growth ability of the present invention were obtained as follows. 
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(1) Culture of hepatocytes: 

Cells of liver were sampled from F344 male rats of ages ranging from 4 to 22 weeks by the collagenase 
perfusion method and centrif uged at a speed (50 g, 1 minute x 3). The resultant supernatant was further cen- 

5 trifuged at a speed (150 g, 5 minutes x 3), thereby obtaining a non-parenchymal cell fraction as precipitate. 
These cells were inoculated at 9 x 10 5 cells per culture dishes having a diameter of 3.5 cm and cultured at 37 
°C with 5% C0 2 for two to three hours in a DMEM medium (containing 10% FBS, 44 mM NaHC03, 20 mM 
HEPES, 0.5 mg/l insulin, 10 ~ 7 dexamethasone, 30 mg/1 L- proline, penicillin and streptomycin). Then, the me- 
dium was replaced with a DMEM medium formed by adding 10 mM nicotinamide, 10 ng/ml EGF and 0.2 mM 

10 L-ascorbic acid phosphate to the above-mentioned medium, and another medium further added with 1% 
DMSO was used on the fourth and subsequent days to continue culture. 

(2) Procedures: 

15 BrdU was incorporated and photographs of the same fields were taken periodically under a phase contrast 
microscope to measure the area of the hepatocyte region as indicators of the growth of hepatocytes. 

Identification of functional expression of the hepatocytes and non-parenchymal cells was accomplished 
by an immunocytochemical technique or an enzyme-cytochemical technique using antibodies (OC2, OC3) of 
oval I cells obtained by Hixson as described above, bile duct cell-markers (BD1: obtained by Hixson as pre- 

20 sented above; cytochalasin 7), hepatocyte-markers (antibody against albumin, c^-antitrypsin and transferrin), 
neoplastic hepatocyte- or immature hepatocyte-markers (antibodies against GST-P, a-fetoprotein, y-GTP 
stain), and stellate cell-markers (antibody of desmin). Organelles were observed in detail with a transmission 
electron microscope. 

To compare differences in the results of culture between ages in weeks of rats from which hepatic cells 
25 were sampled, samples on the tenth day of culture was HE-stained, and the forming ability of hepatocyte col- 
onies was measured under a microscope. Collections each having 8 or more cells were counted as colonies. 

Culture was conducted in systems removing each of such additive factors from the medium as FBS, nic- 
otinamide, EGF, L-ascorbic acid phosphate and DMSO to investigate the effects of the individual additive fac- 
tors on hepatocyte colonies and non-parenchyma cells. 

30 

(3) Results: 

As a result of culture under the conditions shown in (1) above, small hepatocytes were observed to form 
colonies and clonally grow, as shown in phase-contrast photomicrographs in Figs. 14 to 16. These Figs. 14 to 
35 1 6 are phase contrast figures (147 magnifications) of the same field of view of celt culture sampled from rats 
having an age of eight weeks: a single small hepatic cell on the third day of culture (Fig. 14) grows into four 
ceils on the fifth day (Fig. 15) and into about 300 cells in a colony on the 15th day (Fig. 16). 

The colony framing ability decreased as the age in weeks of the rat from which hepatic cells were sampled 
increased as shown in Fig. 17. Irrespective of the age in weeks of rat, the growth curves were almost identical 
40 as shown in Fig. 1 8. These results suggest that hepatic cells forming colonies are progenitor celts. 

From the result of HE staining, large binudear cells were observed in colonies and malti layered structures 
in peripheral area of colonies on the 20th day of culture (Fig. 20) although the colonies consisted of homoge- 
neous small hepatocytes on the tenth day of culture (Fig. 20). In some portion of colonies, positive cells to bile 
duct cell-markers, BD1 (Fig. 22) and cytochalasin 7 (Fig. 22) were observed. From these results, cells of cd- 
45 onies are considered to contain progenitor cells of bile duct cells or to be stem cells capable of differentiating 
into hepatocytes or bile duct cells. 

Then, these colonies of cells were confirmed to be positive to the hepatocyte-markers, and comprise cells 
expressing normal functions. More specifically, Fig. 23 is a photomicrograph of albumin-stained colonies, and 
Fig. 24 is a photomicrograph of a-i-antitry psin-stained colonies. In the results of double staining with transferrin 
so and BrdU, incorporation of BrdU into cells positive to transferrin was observed as shown in Fig. 25. The cells 
of these colonies were partially positive to neoplastic hepatocyte- or immature hepatocyte-markers (Fig. 26: 
a-fetoprotein stain; Fig. 27: GST-P stain; and Fig. 28: y-GTP stain), and positive to antibodies of oval I cells (Fig. 
29: OC2 stain; Fig. 30: OC3 stain). 

On the other hand, part of non-parenchymal cells around colonies were positive to desmin antibody which 
55 was a stellate cell-marker. However because negative cells were also observed (Fig. 31 ), presence was con- 
firmed of many non-parenchymal cells other than stellate cell around the colonies 

TABLE 2 shows the results of the test on samples removing each of the additive factors from the medium. 
In this test culture dishes on the 31st day of culture were stained with albumin, the number of hepatocyte col- 
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onies per cm 2 was counted with a mass containing eight or more cells positive to albumin counted as one col- 
ony. The average of the thus counted numbers of colonies (n = 3) is shown in TABLE 2. Phase contrast pho- 
tomicrographs of colonies for the system containing all the additive factors and the systems removing each of 
the additive factors are shown in Figs. 32 to 37. 

5 

TABLE 2 





Medium 


Number of hepatic cell colonies 
(average ± SD) 


No n- parenchymal cell 


10 


Control 


67.5 ±6.4 


+ 




EGF(-) 


16.8 ±8.1 


+ 




Nicotinamide(-) 


66.6 ±1.9 


++ 


15 


L-ascorbic acid phosphate (-) 


1.0 ±1.9 


++ 




DMSO (-) 


24.8 ±4.8 


++ 




FBS (-) 


0 





20 

As is clear from TABLE 2, there was no difference in growth of nort- parenchymal cells as compared with 
the control in the system removing EGF in which formation of hepatocyte colonies was apparently inhibited 
(see Figs. 32 and 33). In the nicotinamide (-) system, on the other hand, while growth of non- parenchymal cells 
was accelerated, the forming ability of hepatocyte colonies was not affected. In this nicotinamide (-) system, 
25 however, the hepatic cells exhibited a large in size, a hepatic cord-like structure, and form expressing the highly 
differentiated character of hepatocytes as compared with the control (Fig. 34). in the L-ascorbic acid phosphate 
(-) system, growth of non-parenchymal cells was accelerated, whereas almost no hepatocyte colonies were 
formed (Fig. 35). In the DMSO (-) system, growth of non-parenchymal celts was accelerated, but the forming 
ability of hepatocyte colonies was low as compared with the control (Fig. 36). In the FBS (-) system, both non- 
30 parenchymal and hepatocytes could not continue to live (Fig. 37). 

These results permitted confirmation that, in order to obtain liver parenchymal cells of the present inven- 
tion, addition of FBS and ascorbic acid to the culture medium is essential. EGF and DMSO, not essential for 
forming hepatocyte colonies, have a function of accelerating formation of hepatocyte colonies, and nicotina- 
mide is a factor having a relationship with differentiation of hepatocytes. Nicotinamide, ascorbic acid and 
35 DMSO were recognized to have a function of inhibiting growth of non-parenchymal cells. 

Finally, peroxisome which is a feature of hepatocyte was observed in the cytoplasm of the cells forming 
the colonies from the observation with a transmission electron microscope (Figs. 38-a and b). 

EXAMPLE 3 

40 

Liver parenchymal cells obtained by the same method as in EXAMPLE 2 were subcultured by the method 
of the present invention. 

Culture medium was removed from the dish on which small hepatocytes form colonies, and the colonies 
were treated with 0.02% EDTA at 37°C for about 10 minutes, thereby the colonies were detached from the 
45 dish. On replacing the colonies on a dish filled with the same medium as that for the primary culture, the small 
hepatocyte colonies and non-parenchymal cells around the colonies adhered on the dish and started to pro- 
liferate. 

The liver parenchymal cells were subcultured by another procrdure. That is, after removing culture me- 
dium, the colonies were treated with 0.02% EDTA and 0.05% trypsin, thereby the colonies were dispersed into 

50 individuals of small hepatocytes and non-parenchyma] cells. By pippetting the solution, small hepatocytes- and 
non-parenchymal cells-dispersed solution were obtained. Then, each of the solution was filtrated with 20 urn 
filter and aggergate of cells was removed, separated individuals of cell were obtained. The individuals of hep- 
atocyte and non-parenchymal cell thus obtained were observed to adhere on dish, but only non-parenchymal 
cells proliferate in the same medium as that for the primary culture. In the conditioned medium of being used 

55 at the primary culture (1-4 days), small hepatocytes were observed to form a colony and proliferate . From 
these results, it was confirmed that the conditioned medium is necessary for subculturing small hepatocytes. 
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Claims 

1. Liver parenchymal cells having a clonal growth ability, which possess at least one of the following cell 
biological properties: 

5 (a) presence of peroxysome; 

(b) being positive to hepatocyte-markers; 

(c) being partially positive to neoplastic hepatocyte-markers or immature hepatocyte-markers; 

(d) being positive to antibodies against the surface antigens of ovall cells; and 

(e) being partially positive to bile duct cell-markers. 

10 

2. A method for obtaining liver parenchymal cells having a clonal growth ability, which comprises: 

(a) isolating hepatic cells from the liver of an adult mammal; 

(b) centrifuging the hepatic cells at low speed into heavy and light fractions; and 

(c) culturing small cells in the light fraction in culture medium containing foetal bovine serum and as- 
15 corbie acid whereby liver parenchymal cells belonging to the small cells form a colony. 

3. A method according to claim 2 which additionally comprises screening the cells of the colony formed in 
part (c) of claim 2 for at least one of the following: presence of peroxysome and positive responses to 
hepatocyte-markers, neoplastic hepatocyte-markers, immature hepatocyte-markers, antibodies against 

20 the surface antigens of ovall cells and bile duct cell-markers. 

4. The method according to claim 2 or 3, wherein the small cells in the Ifcjhtf paction are cultured on DMEM medium 
containing foetal bovine serum, ascorbic acid, epidermal growth factor, nicotinamide and dimethyl sulfoxide. 

25 5. The method according to any one of claims 2 to 4, wherein the mammal is a rat 

6. A method for culturing liver parenchymal cells having a clonal growth ability, which comprises: 

(a) isolating hepatic cells from the liver of an adult mammal; 

(b) centrifuging the hepatic cells at low speed into heavy and light fractions; 

30 (c) culturing small cells in the light fraction in culture medium containing foetal bovine serum and as- 

corbic acid whereby liver parenchymal cells belonging to the small cells form a colony; 

(d) detaching cells of the colony from a dish with a solution of EDTA; and 

(e) re-culturing the detached cells on the same medium as in step (c). 

35 7. A method for culturing liver parenchymal cells having a clonal growth ability, which comprises: 

(a) isolating hepatic cells from the liver of an adult mammal; 

(b) centrifuging the hepatic cells at low speed into heavy and light fractions; 

(c) culturing small ceils in the light fraction in culture medium containing foetal bovine serum and as- 
corbic acid in a condition of changing the medium into fresh ones whereby liver parenchymal cells be- 

40 longing to the small cells form a colony; 

(d) detaching cells of the colony from the dish with a solution of EDTA and trypsin; 

(e) separating the detached cells into individual cells; and 

(f) re-culturing the individual cells in conditioned medium of primary culture used in the step (c). 

45 8. The method according to claim 6 or 7, wherein the small cells in the light fractxin are cultured in DMEM medium 
containing foetal bovine serum, ascorbic acid, epidermal growth factor, nicotinamide and dimethyl sulfoxide. 

9. Culturing system for primary hepatocytes detached from a dish with a solution of EDTA, in which the me- 
dium contains nicotinamide and ascorbic acid. 

50 

10. A medium, for the culturing of primary hepatocytes detached from a dish with a solution of EDTA, which 
contains nicotinamide and ascorbic acid. 

11. Culturing system according to claim 9, wherein the medium is DMEM medium containing nicotinamide 
55 and ascorbic acid. 

12. Culturing system according to claim 11, wherein the DMEM medium contains foetal calf serum and epi- 
dermal growth factor. 
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Fig. 1 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 8 
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Fig. 9 
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Fig. 10 
(a) 
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Fig. 11 
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Fig. 12 
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Fig. 15 
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Fig. 16 
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Fig. 17 
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Fig. 18 
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Fig. 19 
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Fig. 21 
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Fig. 23 
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Fig. 24 
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Fig. 26 
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Fig 27 
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Fig. 29 
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Fig. 30 
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Fig. 31 
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Fig. 32 
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Fig. 33 
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Fig. 35 
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Fig. 36 
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Fig. 37 
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Fig. 38 
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